We investigated whether melatonin concentrations vary between the two jugular 17 veins and whether absolute (nocturnal) or relative (nocturnal/diurnal ratio) plasma 18 melatonin concentrations are associated with seasonal reproductive activity measured 19 by oestrous or ovulatory activity in Payoya goats. Thirty-two adult Payoya goats were 20 penned under natural photoperiod. Oestrous activity was tested daily using aproned 21 males -twice a week plasma was sampled for progesterone. Melatonin plasma 22
6 sampled within 15-20 min, and the same order was maintained at each sampling time. 115
Blood samples were collected under dim red light (less than 1 lux at 20 cm), avoiding 116 any direct illumination of the eyes. Diurnal melatonin plasma concentrations were 117 assessed in two plasma samples of each jugular vein, taken at hourly intervals, starting 4 118 hours after sunrise. Plasma was immediately separated by centrifugation and stored at -119 20 ºC until assay. 120 121
Definitions of reproductive activity. 122 123
Ovulatory activity was confirmed when four consecutive plasma samples had 124 progesterone concentrations above baseline (1 ng/mL) with subsequent cyclicity. For 125 each goat, the date of the last plasma progesterone value below baseline that was 126 continued by the first extended cyclic pattern was taken as the onset of ovulatory 127 activity. Ovulatory activity was considered to have ceased when five or more 128 consecutive plasma samples had concentrations below baseline. The date of the last 129 plasma progesterone value below baseline at the completion of the last extended cyclic 130 progesterone pattern was taken as the end of ovulatory activity. 131
The mean duration of oestrous cyclicity and the ovulatory season were defined 132 as the number of days between the first and the last detected oestrus or the first and the 133 last ovulation, respectively, in the same breeding season [16] . 134 135
Hormone assays. 136 137
Plasma progesterone concentrations were assayed by radioimmunoassay using 138 the technique described by Terqui and Thimonier [17] . The sensitivity of the assay was7 0.125 ng/mL. The intra-and interassay coefficients of variation were 7.6% and 8.7%, 140 respectively. 141
Plasma melatonin concentrations were measured in duplicate aliquots of 100 142 microlitres of blood plasma by radioimmunoassay, using the technique described by 143
Fraser et al. [18] , with antibody first raised by Tillet et al. [19] . The sensitivity of the 144 assay was 4 pg/mL. The intra-and interassay coefficients of variation were 18.8% and 145 14.2%, respectively. 146
Hormone assays were carried out at the Assay Laboratory of the Station de 147
Physiologie de la Reproduction et des Comportements (INRA, Nouzilly, France). 148 149
Statistical analysis. 150
Absolute and relative (night/day ratio) plasma melatonin concentrations per 151 jugular and season were calculated for each goat. Night or day plasma melatonin 152 concentrations were analysed first by a repeated-measure ANOVA to assess a possible 153 interaction between "jugular side" and "time of collection" for each "sampling period". 154
The objective of this analysis was to assess a possible interaction between "jugular side" 155 and "time of collection". Since no interaction between "jugular side" and "time of 156 collection" was observed, data were further analysed by a 3-way ANOVA ("jugular 157 side", "animal", and "sampling period" as factors). A one-way ANOVA ("jugular side" 158 as factor) was performed to identify animals that presented differences between jugular 159 veins in the overall experiment as the mean of the four sampling periods. A one-way 160 ANOVA ("night" and "day" as factor) was performed to study the overall differences 161 between night and day melatonin concentrations. were found on the right side, while in others they were on the left side, and in yet others, 242 levels were similar on the two sides. Moreover, the authors demonstrated, using 243 continuous collection of blood during the night that the higher melatonin concentration 244 in one jugular relative to the other was stable throughout the night. In our case, we did 245 not use fraction collection, but sampled the same animals in four different periods of the 246 year; we found that a similar result was obtained, as the correlation coefficients for each 247 side and for each sampling period were high. 248
The origin of this dissymmetry is unknown, but various possibilities can be 249 postulated. The first would point to differences between the two jugular veins, in terms 250 of diameter, blood flow, or connections with draining veins, which would lead to a 251 different dilution of melatonin on each side. Another possibility is anatomical 252 differences between animals, suggesting that the sagittal sinus distribution of blood 253 carrying melatonin is not equal between the two transverse sinuses, which would 254 explain the differences in concentration observed in the jugular veins. 255
The difference in melatonin concentrations between the two jugular veins has 256 important practical implications for the assessment of melatonin secretion. Indeed, 257 results may be different depending on whether melatonin is measured on the right side 258 or the left. In a general population, mean melatonin concentrations are independent of 259 the sampling side, as average concentrations are similar on the two sides. However, 260 when the amplitude of the melatonin rhythm has to be assessed for each individual, the 261 measurement on a single side will be misleading in many animals and will not provide a buffaloes. In one of those experiments, using melatonin-treated Ile-de-France ewes after 290 long-days exposure, the interval between insertion of melatonin implants and onset of 291 ovulatory activity was positively correlated with the relative melatonin concentrations 292
[11]. In another, performed in non-implanted ewes of a reduced-seasonality breed (Rasa 293 Aragonesa) maintained under natural photoperiod, a high correlation (r=0.84) was 294 found between night/day ratio and date of the first oestrous activity [12] . Similarly, 295
Italian buffaloes -non-seasonal animals -presented a low variation in melatonin 296
concentrations between night and day [13] . Selection for fertility in autumn lambing 297 affects patterns of melatonin during the dark phase, with lower melatonin plasma 298 concentrations in ewes selected for higher spring fertility [26] . Finally, it was recently 299 observed that after a buck effect, animals with lower levels of melatonin showed an 300 onset of cyclic ovarian activity about 12 days after buck introduction, while another 301 group with higher melatonin concentrations started 22 days later [27] . Thus, it is 302 possible that animals with reduced seasonality have reduced variation of melatonin 303 concentrations between night and day. However, this was not the case in the present 304 study. This divergence with the results obtained in the former studies may be 305 attributable to the difference in the number of animals used. However, the results 306 obtained in the present study are reinforced by its examining not only oestrous activity 307 by introduction of males but also ovarian activity by progesterone concentrations. 308
The major influence of melatonin on the reproductive axis is exerted on the 309 pulsatile secretion of LHRH/LH, and this effect could by itself be sufficient to explain 310 the regulation of seasonality [7, 8] . One explanation for the absence of a relationship 311 
